The effect of different media and pH on the formation of amylase by Aspergillus oryzae El 212 is described. Depending upon the composition of the medium and growth conditions, the fungus was found to secrete a-or ,B-amylase, or both. Some of the properties of the partially purified a-amylase were found to be different from a-amylases from other sources.
MATERIALS AND METHODS
Production of fungal amylase. Fresh cultures were prepared by inoculating the asparagine-starch agar slants with the stock culture of A. oryzae El 212 (21) . For static culture, 100-ml amounts of liquid media of different composition in 250-ml Erlenmeyer flasks were inoculated with the spore suspension obtained by adding 5 ml of sterile distilled water to a 48-hr agar slant prepared from fresh culture. For submerged culture, 100 ml of media in 250-ml Erlenmeyer flasks was inoculated with 10 ml of seed. This seed was prepared by adding 5 ml of spore suspension from fresh culture to a 100 ml containing NH4NO3 (0.6%), KH2PO4 (0.2%), MgSO4 (0.2%), soluble starch (2%), and FeSO4ff7H20 (trace). The seed medium and the submerged fermentation media were incubated in a Kahn-type shaker and shaken at 90 3-inch strokes per min, at 30 C for 72 hr. The enzyme activity was determined in the clear solution obtained by centrifuging the fermented liquids at 650 X g for 10 min.
Preparation of partialy purified enzyme. Broth obtained by submerged fermentation of Roy's (30) modified medium containing 2% Pharmamedia was centrifuged at 650 X g for 10 min, and the clear supernatant fraction was decanted off, cooled to 0 C, and brought to 30% ethanol concentration. The precipitate formed was centrifuged off and discarded. The clear supernatant fraction was then brought to 70% ethanol concentration. The precipitate which was formed (650 X g, 20 min) was made to the original volume of the fermented liquid with distilled water and dialyzed against several changes of distilled water for 72 hr at 5 C. This solution (0.9 mg of protein/ml) was used in the study of the properties of the enzyme. Assay of amylase activities. Saccharolytic amylase activity was assayed by the modified method of Bernfeld (7) , and the amylase unit was defined as that amount of activity which produces 1 mg of maltose. Dextrinizing amylase activity was assayed by the modified method of Yamaguchi et al. (34) . The assays were carried out at pH 5.0 and 50 C for 10 min.
Molecular weight determination. Molecular weight was determined by the method of Andrews (1) (25) containing NaNO3 (0.3%) and urea (0.3%) as nitrogen sources was found to be suitable at pH 7.5 in submerged fermentation but Feniksova and Dvadsatova's medium (12) , containing NaNO3 (0.9%) and malt (1 %) as nitrogen sources, gave highest amylase yields (Table 1) .
Medium for maximum production of amylase. Media which showed higher amylase production (Table 1) were modified further, and additional ones were also examined. The media which gave highest production of amylase are shown in Table 2 . About 50% increase of amylase yield Optimal temperature and thermostability of the enzyme. Optimal temperature for enzyme activity was 50 to 55 C at pH 5.0 (Fig. 1) . The enzyme was stable at pH 7.0 for 60 min at 25 to 60 C. S pH.
FIG. 4. pH inactivation of A. oryzae a-amylase.
Residual activity of the enzyme was measured after keeping the enzymes at 30 C for 60 min at various pH levels indicated. At higher temperatures, enzyme activity decreased sharply and a complete inactivation occurred at 65 C (Fig. 2) . Optimal pH and pH-stability of the enzyme. Optimal activity of the enzyme in citratephosphate buffer at 50 C was at pH 4.5 to 5.0 (Fig. 3) . When the enzyme was kept at 30 C for 60 mi and at pH 5.0 to 11.0, the enzyme was very stable but lost its activity sharply on either side of this pH range (Fig. 4) .
Effect of chemicals on amylase activity. Cu2+, Hg2+, Zn2+, Fe2+, and Mn2+ ions were inhibitory to a-amylase, but the inhibitory effect was partially reversed by ethylenediaminetetraacetic acid (EDTA) or histidine (Table 3 ). Ca2+ and Mg2+ ions had an inhibitory effect on amylase activity, which was completely reversed by EDTA. The inactivation by Cu2+ and Hg2+ is indicative of the presence of thiol groups, carboxyl groups, or histidine residue in the enzyme molecule (10) . The reversal of metal ion inhibition by histidine and absence of inhibition of enzyme activity by thiol reagents are suggestive of the presence of serine and imidazole group (4) . This enzyme did not require Cl-, Br-, or I-ions for its activity and, thus, differed from a-amylase of pancreas and saliva (6 (18) was 7.70 X 10-3 g/2 ml (Fig. 5) . Some of the properties of a-amylases from different sources are given in Table 4 for comparison. It appears that a-amylase from A.
aFive-tenths milliliter of 10-2 M solution of each reagent (0.5 ml of 10-4 M mercuric salt) was added to 1.5 ml of reaction mixture separately. The high yield of enzyme in liquid culture fermentation (Table 2) and its stability over a wide range of pH (Fig. 4) and temperature (Fig. 2) suggest that the strain El 212 amylase merits consideration as a desirable source of dextrinizing enzyme.
